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Abstract
The Water Availability Tool for Environmental Resources (WATER) is a decision support system (DSS) for the nontidal part of the Delaware River Basin (DRB) that provides a consistent and objective method of simulating streamflow under historical, forecasted, and managed conditions. WATER integrates geospatial sampling of landscape characteristics, including topographic and soil properties, with a regionally calibrated hillslope-hydrology model, an impervious-surface model, and hydroclimatic models that have been parameterized using three hydrologic response units-forested, agricultural, and developed land cover. It is this integration that enables the regional hydrologic-modeling approach used in WATER without requiring site-specific optimization or those stationary conditions inferred when using a statistical model. The DSS provides a "historical" database, ideal for simulating streamflow for 2001-11, in addition to land-cover forecasts that focus on 2030 and 2060. The WATER Application Utilities are provided with the DSS and apply change factors for precipitation, temperature, and potential evapotranspiration to a 1981-2011 climatic record provided with the DSS. These change factors were derived from a suite of general circulation models (GCMs) and representative concentration pathway (RCP) emission scenarios. These change factors are based on 25-year monthly averages (normals) that are centere on 2030 and 2060. The WATER Application Utilities also can be used to apply a 2010 snapshot of water use for the DRB; a factorial approach enables scenario testing of increased or decreased water use for each simulation. Finally, the WATER Application Utilities can be used to reformat streamflow time series for input to statistical or reservoir management software.
d
Introduction
Development of the Water Availability Tool for Environmental Resources (WATER) for the Delaware River Basin (DRB) was done as part of the U.S. Geological Survey (USGS) Water Census focus area study. This work is part of implementation of the U.S. Department of the Interior Secure Water Act to Sustain and Manage America's Resources for Tomorrow (WaterSMART, http://water.usgs.gov/watercensus/ WaterSMART.html). WATER-DRB addresses multiple aspects of this work by providing a foundation to better understand streamflow, water use, and ecological water needs both for current conditions and for those associated with forecasted climate change and population expansion.
This report summarizes those data used to inform the model and describes how this decision support system (DSS) has been integrated with general circulation models (GCMs) and urbanization forecasts to provide resource managers with a way to objectively and consistently investigate water-management strategies. This report is separated into three sections:
Section 1. Focus Area and Geographic Limitations
The DRB encompasses 35,075 km 2 (13,539 mi 2 ) and includes parts of Delaware, Maryland, New Jersey, New York, and Pennsylvania, including the population centers of Wilmington, Delaware; Philadelphia, Pennsylvania; and Trenton, New Jersey ( fig. 1 ). The DRB occupies 0.4 percent of the continental United States, but provides water for 15 million people, about 5 percent of the U.S. population. The WATER DSS developed for the DRB includes the entire basin; however, there are some areas where WATER can provide general streamflow information but should be used cautiously. For example, WATER does not provide a method for simulating the influence of tides on streamflow, as would be expected in stream reaches downstream of Trenton along the Delaware River and in tributaries draining directly into Delaware Bay ( fig. 2) . Additionally, WATER does not incorporate controlled releases from dams and reservoirs in the Basin, so WATER will not accurately simulate flows on large rivers affected by these releases. This includes, in particular, the entire length of the main-stem Delaware River, but also parts of the East and West Branches of the Delaware River; Neversink, Lackawaxen, Mongaup, Lehigh, Musconectcong, Schuylkill, and Brandywine Rivers; as well as other locations ( fig. 2) . In anticipation of this constraint, WATER was designed to output streamflow simulations at river locations known to be inflow points for the Delaware River Basin Commission's DRBPlanning Support Tool (PST) that incorporates the Operational Analysis and Simulation of Integrated Systems (OASIS) simulation software (http://hydrologics.net/oasis.html). If WATER is used to simulate streamflow for areas that include reservoirs, they will be treated as any other water body. Consequently, users should be familiar enough with their area of interest to understand whether or not streamflow is controlled by reservoir management.
Data Sources Provided with WATER and WATER Application Utilities
The DRB WATER DSS, referred to as "WATER" hereinafter, uses a process-based hydrologic model that was implemented with a spatial dataset that quantifies spatial variability in topography, climate, soil properties, and anthropogenic features that affect natural water movement in this five-state area ( fig. 1 ). Although WATER was developed and implemented using historical data, the ultimate goal was to provide a DSS that could simulate streamflow under a broad range of forecasted climatic and land-use scenarios. Historical streamflow is simulated for 1981-2011, using the National Land Cover Database (NLCD), Soil Survey Geographic Database (SSURGO), and Daymet precipitation and temperature data (table 1). All spatial data are in the North American Datum of 1983 Albers Equal Area Projection using the Geodetic Reference System 1980 Spheroid. Because WATER has been designed to use a standard set of data sources that are available for the entire study area, snowpack and potential evapotranspiration (PET) were both simulated in the DSS using a temperature indexed approach (Hamon, 1963) .
WATER also interacts with a scenario building tool (WATER Application Utilities) that provides a range of general circulation model (also known as global circulation model or global climate model; GCM) datasets that can be used to synthesize a climate record for forecasted future conditions, including two scenarios as characterized by the representative concentration pathways (RCPs) (tables 2 and 3). WATER incorporates the change factor (δ) approach and provides data for temperature, precipitation, and PET. The scenario builder also applies the water use (table 4) and reformats the simulated flow record into the desired output structure. To provide for reservoir management planning, streamflow simulations can be completed for inflow points to the reservoirs and formatted in the output required by the reservoir management model, DRB-PST, used by the Delaware River Basin Commission. 
Uncertainty in Simulations and Relation to Scenario Investigation
The WATER DSS has been developed to provide the DRB community with an ability to assess the potential effect of different management decisions, forecasted changes in climate, and land-cover change on streamflows throughout the DRB using a process-based model that accounts for physical processes known to influence streamflow. WATER provides a consistent framework for simulation of hydrologic conditions, including high and low flows, for basins characterized by a range of size, land cover, and location within the DRB. The individual hydro-climatic components of the water budget, including evapotranspiration and snow accumulation and melt, also are effectively simulated by the WATER DSS. Because the WATER DSS relies on a mechanistic approach to predict streamflow, this regionally calibrated DSS can be used to investigate the sustainability and resiliency of water resources resulting from forecasted environmental and management scenarios. Ultimately, it is the responsibility of the user to interpret results. However, some precautions and suggestions for use of the DSS follow (Williamson and others, 2015):
1. An uncertainty of +2/-1 average Normalized Root Mean Squared Error (RMSEn 57 ) of 0.939 is recommended for daily flow simulations. This uncertainty is averaged from the confidence interval of streamflow simulation for 57 basins used in optimization of WATER (Williamson and others, 2015).
4.
For those scenarios that rely on GCM data and landcover change, mean monthly streamflows rather than daily streamflows should be used. This constraint on the temporal resolution of streamflows stems from the fact that GCM change factors use a monthly normal, and land-cover simulations were derived at a decadal time-step. Because temporal resolution of streamflows should not be finer than the resolution of input GCM data, normalized mean monthly streamflow (that is, averaged for each month for the 25-year climate record) should be used with the mean RMSEn for mean monthly streamflows (0.3255) to quantify the forecasted range of streamflow and water availability for a given scenario.
5. All scenarios should be compared to simulation of the same site using the "historical conditions" (2011 NLCD and 2010 water use) provided with the DSS. This is similar to the approach of GCM change-factor calculations. Multiple GCMs and RCPs should be incorporated into scenario testing and the overall trend in streamflow and other hydroclimatic variables among multiple GCM simulations should be used to plan for forecasted change.
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Beven, K.J., and Kirkby, M. The three steps to installing WATER are (1) copying the database, (2) installing the program, and (3) initializing the program; these steps are described in detail in the instructions that follow. After installation is complete, WATER can be used to simulate historical streamflow throughout the DRB. Simulation of forecasted conditions using land-cover data sets provided with WATER require the user to make changes in the anthropogenic folder. Incorporation of water use requires post-processing using the WATER Application Utilities that are described in the final section of this report. Streamflow simulation using forecasted climate data provided with WATER requires a historical simulation (which one can use as a baseline) that is then post-processed using the WATER Application Utilities before being re-run with WATER with the forecasted climatic record.
Before You Install
To install the WATER DSS successfully, the ESRI ArcINFO ™ 10.0 with an individual Spatial Analyst extension must be installed on every end user machine to which the WATER application is to be installed:
• Go to the Start menuAll Programs ArcGIS ArcGIS Administrator;
• Select the Availability folder and look for Spatial Analyst.
If your system is administered by someone other than yourself, you will need administrative access to install the program.
Installation Instructions
1. Determine where you will be storing the database (about 22 GB) and simulations folders-the local C: drive is recommended. The model will run faster if these folders can be stored on your local hard drive as opposed to an external or network drive.
A. Create a USGS folder where you plan to store the database and simulations.
B. Copy the database into the USGS folder. Be sure to keep a back-up copy of the database in another location.
C. Your file structure should look like figure 3.
D. The database on which the program depends is in the water_db folder.
E. The simulations folder is where individual simulations will be stored until you either delete them or move them to a different location. This folder can get very large, so you may want to store completed simulations elsewhere.
F. The extMod folder is for storage of any external program that needs to be accessed by the DSS. It is likely that your extMod folder is empty.
G. If there are no simulations or extMod folders in your water folder, create them.
H. Confirm that the entire database has copied by comparing the size of the USGS folder on your local drive to the size of the corresponding folder on the source drive. 2. Copy the WATER_<date> folder to your desktop, where <date> denotes the date when the software was last revised. Please save this file for reference.
A. This folder is likely zipped, so it will need to be extracted.
B. Open and click the setup executable to begin the installation process. 
Initialization Instructions
A short-cut should display in your Start menu:
5. When you start the program for the first time, it undergoes initialization-checking for up-to-date licenses, necessary folder locations, and required data files.
6. The DSS requests the main root directory. Navigate to and select the USGS folder (discussed in step 1 of section, "Installation Instructions") requested by the program. If the remaining subfolders within the water folder have remained intact, the application will finish loading. If any subfolders are missing, navigate to the folder locations within the Browse For Folder dialog box.
DRB WATER.
Note: If the application requests the location of these folders each time the DSS is opened, then:
A. Identify the Programs/subfolder into which the application has loaded.
B. Uninstall the application using the installation package or your Control Panel.
C. Confirm that the WATER.exe…\1.0.0.0\user.config file and folder have been deleted from the C:\Users\YourName\ AppData\Local\US_Geological_Survey folder.
D. Confirm the integrity of the USGS folder and restart your computer.
E. Reinstall the application into the default directory, paying special attention to navigating to the water subfolder process (step 6, above).
Running the Water Application
After the initialization process, WATER should start without any need to relocate these data.
1. Start the program from the Start menu.
2. You will see an index map of the entire DRB ( fig. 5 ).
3. Access and select the magnification tool from the Zoom dropdown menu ( fig. 5 ). 4. You can either drag the magnification tool over an area of interest or click in a single location on the map. Note: The DSS will only delineate a watershed for pour points that are on the blue streamline that is visible on the map. 6. Click the desired location for the pour point (the most downstream point of your basin of interest) within any stream raster cell. If the pour point is not located on a stream raster cell, it will NOT be delineated, the Simulation Information dialog box will not display, and you will need to click a stream cell to assign the pour point location. Although much of this information is stored as part of the simulation, it can be useful to see it without opening the simulation and DSS.
8. Accept the simulation. The Delineate button will now be enabled. Click Delineate ( fig. 7 ). 9. The program will begin to delineate your basin of interest (based on the 10-m digital elevation model [DEM] included in the database). You will see the green bar moving back and forth at the bottom of the window. Depending on the type of system you are running, the location of the database, and the basin size, this will take several minutes. For example, delineation of a 200-km 2 basin takes about 5 minutes on most systems.
10.
When the process is complete, you will see an outline of the basin. You must now click Load Data to load the provided data sets needed to estimate spatially averaged characteristics within the delineated basin ( fig. 8 ). You will know this is complete when the Run button appears. 11. The DSS will now gather and load those data necessary to run the hydrologic model, including climate data, land-cover distributions (Forested, Agricultural, Developed), soil characteristics, and topography. Similar to the basin delineation step, this can take several minutes depending on the size of the delineated basin.
12. When those data have been loaded, spatially-averaged basin characteristics and parameters for each land-cover type become available ( fig. 9 ). The Study Summary on the Study Simulations page will be blank until after the model is run. 
You can now
Run the model and calculate the streamflow and water budget ( fig. 8 ). After this step has completed, the Study Summary will be complete and the predicted daily Hydrograph will be available as a new tab under the Study Simulations ( fig. 10 ). You also can examine the predicted hydrograph on a monthly or yearly time-step using the View dropdown menu.
14. A text file of this time series is now in your simulations folder as WATER.txt ( fig. 11 ). To incorporate water use, further examine the simulations, and reformat the file into a daily streamflow record that can be incorporated by other programs, you will need to use the WATER Application Utilities. The WATERSimulation.xml has the details of your simulation, which can be opened with an application such as Microsoft Access ™ . Figure 10 . After simulation has run in WATER.
Figure 11. File structure after simulation has been run.
The Batch Mode
As an alternative, you can run a Batch file of previously delineated basins. This is most effective if the individual basins were constructed using the WATER DSS, because the basin boundaries will coincide with the 10-m DEM raster and there will be no chance of the basin extending beyond the spatial extent of those data layers included in the DSS-for example, this might occur when basins include the headwaters of the DRB and were delineated either by hand from topographic maps or using a coarser-resolution DEM than that used by WATER. If you run a Batch file, you will need to aggregate individual basins into a single shapefile and give them a unique identifier. You also can use a previously delineated set of basins from another source as long as they are in the North American Datum of 1983 Albers Equal Area Projection using the Geodetic Reference System 1980 Spheroid. It is critical that there be no loops in the polygons and that no basins extend beyond the geospatial layers in the WATER database. (fig. 12 ).
From the Batch dropdown menu, select New  From Shape File
2. You will need to enter the simulation information ( fig. 13 ):
A. Name the Batch Project, B. Browse to the desired shapefile of basins, C. Select the attribute to be used as the Basin Field Name (your identifier), and then
3. Return to the Batch dropdown menu and select Run. This process will run each basin individually-it does not matter if the basins are nested. Depending on how many basins you have, this process could take several hours.
Areal Limitations
WATER was developed for basins characterized by areas of less than 2,000 km 2 ; this coincides with the largest, unregulated basins in the DRB. Simulation of daily streamflow will be less accurate for basins larger than 2,000 km 2 because there is no routing to account for delayed streamflow in large basins. WATER will not simulate streamflow for basins that are larger than 17,000 km 2 in areal extent because of memory limitations.
Time Period Included in Simulations
The database provided with WATER includes a climatic record that extends from January 1, 1980, through December 31, 2011.
The first year will not be included in the simulation output, providing a year for the model to equilibrate or "spin up"; this provides 11,322 days. Scenario testing that involves GCMs (discussed below in Section 3 of this report) uses the same climatic record altered by GCM-and RCP-specific change factors, enabling comparison between historical and forecasted time periods.
General Circulation Model Simulations
After using the waterapputils (discussed in Section 3 of this report) to generate "changed" simulations that incorporate general circulation model (GCM) change factors, individual basins must be run separately-even if they were originally processed as part of a batch. If the potential evapotranspiration (PET) change-factor approach is to be incorporated (as is recommended):
1. Open WATER.
Select File -> Open.
3. Navigate to the location of a GCM simulation. This will be nested inside a folder that is nested in the original basin folder. For example: USGS/water/simulations/BatchName/BasinID/waterapputils-gcmdelta_NCAR_RCP85_2060/WATERSimulation (this is an XML document).
4. Open this file and allow it to load.
Click Run, as in the individual basin approach.
This process can take several hours depending on the size of the basin, because it is replacing the original Hamon-based daily PET with that calculated using the radiation-based change factor (δ PETpfFC discussed in Williamson and others, 2015).
In some cases, forecasted streamflow can be estimated without using the changed PET; however, this usually will lead to an overestimate of PET. To do this, move or rename the pet-timeseries file. This simulation will run faster, similar to a historical simulation.
Land-Cover Projections
Land-cover layers for 2030 and 2060, analogous to the NLCD produced by the Multi-Resolution Land Characteristics Consortium, are included in the "anth" (anthropogenic) folder. These forecasted layers use the same land-cover classification as the 2011 version used for historical simulations. It is best to keep a labeled copy of all three time periods-2011, 2030, and 2060.
To use one of these forecasts, the "mrlc" raster must be replaced with the desired snapshot by deleting the current "mrlc," creating a copy of land cover for the desired time period, and renaming this copy as "mrlc"; you also can use your metadata to differentiate these rasters. WATER only will use the version referred to as "mrlc." , and adds new functionality, outside the WATER DSS, by allowing users to apply various management scenarios using:
• A change-factor (delta or δ) approach with data from the Coupled Model Intercomparison Project (CMIP5), and
• Aggregated water-use data to evaluate potential scenarios of water availability.
waterapputils has a Command Line Interface and a Graphical User Interface along with batch scripts, including Run Sample Datasets Shell Script and Process Many Simulations Shell Script, to help automate processing tasks and run unit tests.
The WATER DSS is a graphical user interface (GUI), written in VB.NET, wrapped around a variant of the semi-distributed rainfall-runoff model referred to as TOPMODEL (TOPography based hydrological MODEL) developed by Keith Beven, Professor at Lancaster University. TOPMODEL estimates river discharge and spatial soil-water deficit patterns for a particular catchment basin using topographic, climatic, and pedologic input-data parameters. WATER combines TOPMODEL with an estimation of runoff from impervious surfaces derived by using the curve number approach described in U.S. Department of Agriculture 
Some sample highlights of waterapputils include:
• Processes WATER simulation output files (txt format).
• Processes WATER simulation database files that store information about a particular model simulation (xml format).
• Applies various general circulation models (GCMs; table 2) • Applies water-use data to model simulations for a particular watershed or set of watersheds based on the spatial intersection of the watershed(s) of interest with the water-use coverage.
• Generates plots of all parameters in WATER output files (txt format) with simple statistics.
• Generates plots of time series parameters in WATER-simulation database files (xml format) ( fig. 14) .
• Generates comparison and difference plots between two WATER-simulation output files.
• Generates comparison and difference plots between two WATER-simulation database files.
• Generates maps of the study area for a particular model simulation using basemap (http://matplotlib.org/basemap/), a python library for plotting two-dimensional data.
• Logs errors and tracebacks.
• Provides a multithreaded GUI referred to as waterapputils_gui, allowing the user to execute tools in the background without the software becoming unresponsive. 
Documentation
Documentation of the code, guides detailing the processes involved in applying water use and the GCM deltas, additional information about waterapputils, and a gallery of output images are available at http://jlant-usgs.github.io/waterapputils/docs/html/ index.html.
Additionally, the documentation pages can be viewed by navigating to the docs/_build/html directory included with waterapputils and opening the index.html file in a Web browser (Chrome 
Tutorials
A series of video tutorials were made that describe and detail how to use waterapputils with many of the example sample data sets.
The following are the tutorial topics covered:
1. General Overview (48 minutes), 2. Command Line Interface (73 minutes),
Graphical User Interface (46 minutes).
Download the waterapputils video tutorials at ftp://ftpext.usgs.gov/pub/er/ky/louisville/jglant/waterapputils/waterapputils-video-tutorials.zip.
Software Requirements
The waterapputils software can be launched from the waterapputils folder after the python libraries necessary to run waterapputils are installed in the suggested/default location for your system. A full installation of one of the Python distributions that follow is recommended for the dependencies to match the Python 2.7 download. This full installation is available using the dropdown menu-it may not be the default option. Otherwise, some of these dependencies will not be installed or will not install the required version. The pythonxy and Basemap downloads are provided here: ftp://ftpext.usgs.gov/pub/er/ky/louisville/jglant/ waterapputils/waterapputils-pythonxy2.7.6.1-downloads.zip.
It is recommended that this combination be used to avoid any complications. However, in some cases, alternative approaches might be necessary:
• pythonxy-This program is recommended because of how it interacts with the Microsoft Windows ® operating system. (A full installation, which is not the default option, is required).
• Anaconda ®
• Enthought
The following is a list of dependencies required by the program. Instead of installing these dependencies independently, it is strongly recommended that users install one of the scientific Python distributions noted earlier in this section that will come bundled with most of these dependencies (excluding Basemap):
• Python == 2.7.* -This is the version of Python required to run the program.
• NumPy >= 1.8.0
• matplotlib >= 1.3.1
• nose >= 1.3.0
• GDAL >= 1.11.0
• PyQt4 >= 4.9.6
• Basemap >= 1.0.2-This dependency must be installed separately even when using a full installation.
The PythonXY 2.7.6.1 version, which includes all the requirements listed above, and the Basemap 1.0.2 plugin can be downloaded from: ftp://ftpext.usgs.gov/pub/er/ky/louisville/jglant/waterapputils/waterapputils-pythonxy2.7.6.1-downloads.zip.
Downloading and Installing the Program
waterapputils is available at the top of the waterapputils page: http://jlant-usgs.github.io/waterapputils/. The program can be downloaded as a ZIP file, which can be copied and extracted anywhere on your system. This site also includes a link to view additional information about the program on GitHub.
Running waterapputils
Navigate to the \waterapputils-master\waterapputils-master\waterapputils folder that you extracted.
Select the wateapputils_gui python (PY) file and "right-click" to select "Open with python." Please be patient, as this could take as many as 5 minutes to launch depending on your system and what else is running. You now can apply water use, process .xml files for GCM scenarios, and compare simulations using the GUI (fig. 15) .
If, instead, you prefer to use the command line, an explanation of individual commands is available here and at the GitHub site. 
Editing Settings in user_settings.py
All settings for running waterapputils are contained in the user_settings.py file. A user can edit the settings by editing the Python string variables. Most variables are path variables to required data files and basin shapefile attribute variables. A user typically will only edit the section referred to as WATER simulation information. This section contains information about a WATER simulation. A WATER simulation can be either a single simulation or a batch simulation. Each simulation type has a few different outputs along with a different directory structure.
A single simulation corresponds to basins that were delineated within the WATER DSS using a pour point. A batch simulation corresponds to basins that were pre-delineated and were run within the WATER DSS.
Command Line Interface
This program must be executed from the waterapputils directory.
Usage:
$ python waterapputils.py [option] Command Line Arguments:-Continued -samplesingle OPTIONAL : flag used with -applywateruse, -applysubwateruse, -applygcmdeltas, -applysubgcmdeltas to specify the use of the sample single simulation datasets -samplebatch OPTIONAL : flag used with -applywateruse, -applysubwateruse, -applygcmdeltas, -applysubgcmdeltas to specify the use of the sample batch simulation datasets -simdir OPTIONAL : flag used with -applywateruse, -applysubwateruse, -applygcmdeltas, -applysubgcmdeltas to specify a path to a specific WATER simulation instead of specifying it in user_settings.py
Example-processing a WATER.txt file:
$ python waterapputils.py -watertxt <path-to-WATER.txt-file>
Example-running water use using the settings in user_settings.py:
$ python waterapputils.py -applywateruse
Example-running water use by supplying a path to a simulations directory instead of specifying the simulations directory in user_settings.py:
Run Sample Datasets Shell Script with run_sample_datasets.sh
The shell script run_sample_datasets.sh is a shell script that can be used to run automated tests and run many of the command line arguments using the sample datasets provided with waterapputils. Example-apply water use to many WATER simulations:
$ run_simulations.sh -applywateruse <path-to-simulations-directory>
Graphical User Interface
The multithreaded GUI, referred to as waterapputils_gui, can be started using the following command or by double-clicking the waterapputils_gui.py file:
$ python waterapputils_gui.py
The GUI consists of four tabs: 
Compare two WATER output text files
A user opens two WATER simulation output text files, and the Compare button is enabled. Upon clicking the Compare button, all parameters and corresponding data are processed and compared. The first parameters in the data file are overlaid together with the first file colored as blue and the second file colored as red. A second plot is made, which shows the difference between the respective parameters in each file. The user can use the list at the bottom left of the tab to select different parameters to compare. All parameters and corresponding data for both files are placed in read-only tables. A user can interact with the plots using the buttons at the top of the plotting area (zoom, pan, etc.). Note that the difference plot is tied to the overlay plot, meaning that when a user pans or zooms on the overlay plot, the difference plot will zoom or pan with the overlay plot.
Apply water use to WATER simulations
This tab allows a user to apply water-use data to WATER simulation output text files (WATER.txt).
Number of simulation(s)-a user selects the number of WATER simulations.
• One simulation (default)-one batch-or individual-type WATER simulation.
• Multiple simulations-more than one batch-or individual-type WATER simulations.
NOTE:
The directory containing all WATER simulations to be processed must only contain WATER simulations. Do not include extraneous files or directories in the directory (folder). Additionally, the basin shapefile (Watersheds.shp) must match with the simulations in the folder.
Type of simulation(s) -a user selects the type of WATER simulation.
• Batch-basins that were pre-delineated and were run within the WATER DSS.
• Delineated-A single basin that was delineated within the WATER DSS.
The following are the directory structures created by WATER for batch and single simulations:
Batch Simulation: If a valid WATER simulation is selected, the rest of the inputs in the Simulation Information section will auto-populate. A user can select the proper Basin shapefile id field that was used when running the WATER application. The Basin shapefile id field is used by the WATER application to name the output basin directories in the simulation directory structure. The Basin shapefile area field is used to obtain the areas of each respective basin for use in an external ecoflow program. Water-use information-a user selects the seasonal water-use data files and associated information.
A user selects four seasonal water-use files (provided with WATER database):
1. January, February, March, 2. April, May, June, 3. July, August, September, 4. October, November, December.
A user selects a water-use factor file, which can be used to adjust the water-use data values in the seasonal water-use files.
A user selects the water-use shapefile, which is a shapefile of water-use points across the entire modeling domain.
For the DRB, these files are season_nCPcarb3736_date and dem_basin_centroids.
NOTE: All WATER application shapefiles are in the Albers NAD 83 projection.
A user selects the id field from the water-use shapefile that corresponds to the id field used in the water-use data files.
The sample water-use files and water-use shapefile have newhydroid as the id field; this also is the case for those provided with the WATER database.
If those basins in the WATER simulation do not overlap/intersect with water-use points, then the user can choose to apply substitute water use (-applysubwateruse) based on that for another basin.
NOTE: To apply substitute water use, the user must first apply water use without this option. The waterapputils program will warn and log any basins in the WATER simulation that do not overlap/intersect with the water-use shapefile points.
The waterapputils program will create a file referred to as wateruse_non_intersecting_centroids.txt in the /waterapputilsinfo/ directory with a list of the basins that do not overlap/intersect any water-use points. This file is designed to apply zero water use in those basins that did not intersect any water-use points. A user must manually enter the desired wateruse id (that is, newhydroid ) values to be used when applying the substitute water use. To apply substitute water use, the /waterapputils/wateruse_non_intersecting_centroids.txt file must exist and be updated by the user.
A user clicks the Check Inputs button, which checks and ensures that all fields have been entered. After all fields have been entered and the Check Inputs button has been pressed, the Apply Water Use, Plot Overview Map, and Plot Zoomed Map buttons are enabled. If a user clicks the Apply Water Use, then waterapputils applies water use to the WATER simulation using those data provided by the user. The waterapputils_gui will apply water use in a separate thread, meaning that the process will be run in the background, allowing the user to continue using other parts of the waterapputils_gui without interfering with the wateruse processing.
NOTE: When processing water use, a warning about a QPixmap may display. This is not an error, but only a warning that, in this case, can safely be ignored. The warning stems from using the same plotting code used in the command line version of waterapputils when applying water use.
If a user clicks the Plot Overview Map, a map of the WATER basin shapefile (Watersheds.shp or basinMask.shp) is plotted in a zoomed-out view or the entire modeling domain. If a user clicks the Plot Zoomed Map, a map of the WATER basin shapefile (Watersheds.shp or basinMask.shp) is plotted in a zoomed-in view with additional shapefiles (that is, USGS streamgages).
Apply GCM change factors to WATER simulations
This tab allows a user to apply GCM deltas to WATER simulation files (WATERSimulation.xml).
Number of simulation(s) -a user selects the number of WATER simulations.
• One simulation (default)-one batch-or delineated-type WATER simulation.
• Multiple simulations-more than one batch-or delineated-type WATER simulations.
NOTE:
The directory containing all WATER simulations to be processed must only contain WATER simulations. Do not include extraneous files or directories in the parent directory (folder).
• 
